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The  activation  of antigen-specific  B  cell  responses  can  be  modulated  by a 
number of T  cell regulatory  influences.  It was first observed (1-3) that  B cell 
responses  to  many  antigens  require  the  participation  of T  helper  (Th) ~ cells. 
Studies (4, 5) using both heterogeneous and, more recently, cloned Th popula- 
tions have shown that distinct B cell activation pathways exist in which Th cell- 
B  cell  interactions  may  be  either  major  histocompatibility  complex  (MHC)- 
restricted  or  -unrestricted.  It  has  also  been  shown  (6-14)  that  these  B  cell 
responses are  subject to the  regulatory  effects of T  suppressor (Ts) cells, and 
that  these  suppressive effects may also involve antigen-specific  and  genetically 
restricted cell interactions.  The overall complexity of T  cell regulation is further 
increased by the activation of both augmenting (Ta) (15,  16) and contrasuppres- 
sor (Tcs) (17) T  cells, which appear to further modify T  cell-dependent (TD) B 
cell activation. 
Previous  studies  (4,  5)  have  shown  that  both  cloned  and  heterogeneous 
populations of Th cells are capable of activating B cells in a manner that requires 
both MHC-restricted Th cell-B cell interaction and carrier-hapten  linkage. The 
MHC-restricted  activation  of B  cells by cloned  Th  cells was found  (16)  to be 
enhanced  substantially  by a  population  of MHC-restricted  Lyt-l+,2 -  Ta  cells 
present in unprimed  spleen.  In addition,  suppression of TD B cell responses in 
vitro has  been  shown  using both  heterogeneous  (14,  18,  19) and  cloned  (20) 
populations of Ts cells. 
Given the potential  complexity of interactions  that  may occur among T  cell 
subpopulations  present  in  heterogeneous  T  cells,  the  exclusive  use  of highly 
selected or monoclonal T  cell populations offers a significant advantage to studies 
of T  cell regulation.  Further  studies were therefore initiated  to investigate the 
interaction of cloned Th and cloned Ts cells in an effort to define the mechanisms 
of their  actions on  B  cell activation.  Recently (21),  we showed that  cloned Ts 
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cells are capable of suppressing the B cell responses supported by cloned Th cells 
in the absence of other T  cell populations, and that a tripartite antigen-mediated 
interaction of Ts cells, Th cells, and responding B cells was necessary to effect 
antigen-specific suppression.  This study was  undertaken  to analyze the genetic 
restrictions involved in  the  function of Ts cells under conditions in  which tbe 
modifying  effects  of  heterogeneous  T  cells  were  eliminated.  In  contrast  to 
previous  findings  obtained  when  heterogeneous  T  cells  were  also  present  in 
culture,  we  found  that  suppression  by  enriched  or  cloned  Ts  cells  of B  cell 
responses  generated  by  cloned  Th  cells  required  MHC-restricted  interaction 
only  for  Ts  cell  activation,  and  that  the  effector  function  of  Ts  cells 
was  genetically  unrestricted  under  these  conditions.  Moreover,  the  data  pre- 
sented  here  indicate  that  a  heterogeneous  population  of  MHC-restricted 
Lyt-l+,2  -  T  cells is capable of modifying the genetic constraints on Ts function 
in these responses, resulting in suppression that was MHC restricted at its effector 
level. The findings of these studies suggest that tbe observed MHC restriction in 
Ts cell function is the result of complex interactions involving Ts cells, Th cells, 
and  at  least  one additional  MHC-restricted  T  cell population,  which  has  aug- 
menting and contrasuppressor-like activity. 
Materials and Methods 
Animals 
C57BL/10 (B10), B10.A, B10.BR, (B10 x  B10.BR)Fh (B10 ×  B10.A)F~, (C57BL/6 x 
A/J)F1  (B6A F~), and (C57BL/6 x  C3H/HeJ)Ft (B6C3 Fl) mice were purchased either 
from The Jackson Laboratory, Bar Harbor, ME, or the Shizuoka Agricultural Cooperative 
Association  for  Laboratory  Animals,  Hamamatsu,  Japan.  B10.A(3R),  B10.A(5R), 
B 10.A(4R), and B10.MBR mice were generously provided by Dr. D. H. Sachs,  National 
Institutes of Health. 
Chimeras 
Chimeras used in this study were prepared as previously described (22), by the transfer 
of 1.5 x  107 T cell-depleted bone marrow cells into lethally irradiated (950 rad) recipients, 
and are designated as bone marrow donor ~  irradiated recipient. Chimeras were immu- 
nized no earlier than 8 wk after irradiation and reconstitution. The chimera spleen cells 
used in  these studies  were typed by indirect immunofluorescence, and were of donor 
origin without detectable (<5%) cells of host origin. 
Antigens 
Keyhole limpet hemocyanin (KLH) (Calbiochem-Behring Corp., San Diego, CA) and 
fowl gamma globulin (FGG) (Cappel  Laboratories, Cochranville, PA) were conjugated 
with  2,4,6-trinitrobenzene  sulfate  (Pierce  Chemical  Co.,  Rockford,  IL)  as  previously 
described (4). The degree of substitution was 20 trinitrophenyl (TNP) residues per  100 
kilodaltons (kD) KLH (TNP-KLH), and 9 TNP residues per 100 kD FGG (TNP-FGG). 
Antibodies 
Monoclonal  hybridoma anti-Lyt-l.2 antibody  (mAb)  (lot  FPB031) and  anti-Lyt-2.2 
mAb (lots FPAI79 and FPB126) were purchased from New England Nuclear, Boston, 
MA, and used as cytotoxic reagents as previously described (18). 
Immunization 
Mice were immunized with 100 ug of KLH, FGG, or TNP-KLH, in complete Freund's 
adjuvant (Difco Laboratories, Detroit, MI) intraperitoneally 3-8 wk before use. ASANO  AND  HODES  415 
Derivation of MHC-restricted and Antigen-specific  Cloned  Th Cells and Cloned  Ts 
Cells 
MHC-restricted and antigen-specific Th and Ts cloned cells were derived and tested 
for their function as previously described (20). 
Generation  of Heterogeneous  Ts Cells In Vitro 
Heterogeneous Ts cells were  induced  in  vitro as previously described  (14).  Briefly, 
KLH-primed T cells (see below) were passed over Sephadex G-10 columns twice to deplete 
accessory (Acc) cells (14,  23).  Acc cell-depleted  T  cells were cultured  for  3  d  in  the 
presence of additional  Acc cells and  100  #g/ml  KLH. Cultured  cells were extensively 
washed, and tested for their suppressive activities. 
Preparation of CeUs 
T cells.  KLH-primed T  cells were obtained as spleen cells nonadherent to anti-mouse 
lg-coated dishes, as described previously (4).  These populations were then used as Th 
cells, or as a precursor population for the generation of Ts cells.  Ta cells were prepared 
as T  cells from unprimed animals (17). 
(B + Acc) cells.  (B +  Acc) cells were prepared by depleting TNP-KLH-primed spleen 
cells of T  cells by treatment  with a  T  cell-specific cytotoxic rabbit anti-mouse brain 
(RAMB) serum plus complement (C) (4). 
Acc cells.  Unprimed spleen cells were treated with RAMB +  C to deplete T  cells, and 
were used as a source of Acc cells after 3,000-rad irradiation. 
Assay of Suppressive  Activity 
Cloned  Ts cells or precultured  heterogeneous  T  cells were assayed for suppressive 
activity by adding them to responding cell mixtures of 3-4 x  106 TNP-primed (B +  Acc) 
cells that had been cocultured with cloned Th cells or KLH-primed heterogeneous Th 
cells in the presence or absence of 106 unprimed T  cells (as a source of Ta cells). Cultures 
were carried out as previously described (4). Cells were harvested and assayed for TNP- 
specific hemolytic plaque-forming cells (PFC). 
PFC Assay 
Sheep erythrocytes were conjugated with TNP, and direct PFC (IgM), as well as total 
PFC (facilitated by rabbit anti-mouse IgG) were assayed on these conjugated target cells 
(4).  IgG PFC were calculated as total PFC -  direct PFC. All points shown represent the 
arithmetic means of triplicate cultures,  expressed as  IgG anti-TNP  PFC responses per 
culture. 
Results 
Restriction  Specificities  of Cloned  Th  Cells  and  Cloned  Ts  Cells.  The  precise 
restriction specificities of cloned Th cells were first determined by assessing the 
ability of these cells to cooperate with T-depeleted TNP-primed (B +  Acc) cells 
derived  from MHC congenic and  recombinant  strains (Table  I, exp.  1).  Clone 
8-5 provided help to B cells of B10,  B10.A(3R),  and B10.A(5R)  origin, but not 
to  the  other  B  cells  employed,  mapping  the  specificity of 8-5  to  I-A  b.  On  the 
other  hand,  clone  9-16  provided  help  to  B  cells  of  B10.A(3R),  B10.A(5R), 
B10.A,  B10.MBR, and B10.BR origin, but not to B10 or B10.A(4R),  consistent 
with the previously mapped restriction specificity of 9-16 to I-E  k. Next, the MHC 
restriction  specificity for Ts cell function  was evaluated.  8-4 and  9-5 cloned Ts 
cells were added to responding BI0, B10.A(3R),  B10.A(SR), B10.A(4R),  B10.A, 
B10.MBR, or B10.BR spleen cells (Table I, exp. 2). Clone 8-4 Ts cells suppressed 
the responses of B10,  B10.A(3R),  and  B10.A(5R),  but not those of B10.A(4R), 416  Lyt-l+,2  -  REGULATORY T  CELLS 
TABLE  I 
Restriction Specificities of Cloned Th and Cloned Ts Cells 
lgG anti-TNP PFC/culture* 
Responding  Exp. 1  Exp. 2 
cells* 
Clone 8-5  Clone 9-16  control  Clone 8-4  Clone 9-5 
B10  915 + 8  0  3,933 + 546  352 + 38  3,907 4- 132 
B10.A(3R)  1,302 4- 97  1,724 4- 532  2,780 4- 137  475 4- 109  2,288 -  341 
B10.A(5R)  660 4- 69  1,196 4- 242  2,481 4- 80  387 4- 35  1,918 4- 98 
B10.A(4R)  0  0  1,663 + 30  1,874 4- 198  96 -  61 
B10.A  0  1,4254-343  1,1614-118  1,372+54  1324-76 
B10.MBR  0  2,235 4- 275  2,024 + 243  2,024 4- 118  211 4- 129 
B10.BR  0  1,689 4- 80  1,320 _+ 84  1,381 + 46  61 -  23 
* H-2  (KABJECD) of  responding cells are  B10  (bbbbbbb),  B10.A(3R)  (bbbbkdd),  B10.A(5R) 
(bbbkkdd), B 10.A(4R) (kkbbbbb), B10.A (kkkkddd), B 10.MBR (bkkkkkq), and B 10.BR (kkkkkkk). 
* 4 x  10  6 TNP-KLH-primed spleen cells of the indicated strain of origin were treated with RAMB 
plus C (exp. 1) or were untreated (exp. 2), and were cocultured with 104 of the indicated cloned T 
ceils. Cultures were stimulated  with  1 ng/ml TNP-KLH. In exp.  1 (B plus Acc), cells gave no 
significant PFC response.  In exp.  2, responses without  cloned T  cells were presented as control 
values. 
TABLE  II 
Origin, Specificity, and Function of Cloned T Cells 
T cell clone  Origin  Specificity  Function 
8-4  B6C3 F1  I-A  b + KLH  Ts 
8-5  B6C3 Fz  I-A  b + KLH  Th 
9-5  B6C3 F1  I-A  k + KLH  Ts 
9-16  B6C3 Fl  I-E  k + KLH  Th 
2-19-2  B10  I-A  b + FGG*  Th* 
* Data not shown (16). 
B 10.A, B 10.MBR, and B10.BR. In contrast, 9-5 Ts cells suppressed the responses 
ofB10.A(4R), B10.MBR, B10.A, and B10.BR, but not those of B10, B10.A(3R), 
and B 10.A(5R). These results indicate that 8-4 Ts cell function is restricted to I- 
A b and 9-5 Ts cell function to I-A  k. Although antigen specificity was not evaluated 
in Table l, all clones used in these studies expressed strict antigen specificity, as 
previously reported  (20).  MHC  restriction specificities and antigen specificities 
of the clones employed in these studies are summarized in Table II. 
Antigen-specific  Suppression  of Cloned  Th  Cell  Responses  by  Cloned  Ts  Cells 
Requires MHC-restriction  Only for Ts Cells.  Cloned Ts cells have previously been 
shown (27)  to suppress antibody responses mediated by heterogeneous popula- 
tions  of  MHC-restricted  Th  cells  in  an  MHC-restricted  and  antigen-specific 
manner. To further characterize the  MHC restriction requirements for Ts cell 
activation  and  function  in  the  absence  of  heterogeneous  T  cell  populations, 
cloned Ts cell activity was tested on B cell responses mediated by cloned Th cells 
(Table III). B10 B cell responses mediated by I-Ab-restricted Th clone 8-5 were 
suppressed by I-Ab-restricted Ts clone 8-4,  but not by I-Ak-restricted Ts clone 
9-5. In contrast, the responses of B10.BR B cells mediated by I-Ek-restricted Th 
clone  9-16  were  suppressed  by  I-Ak-restricted  Ts  clone  9-5  but  not  by  I-A  b- ASANO  AND  HODES 
TABLE  III 
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IgG anti-TNP PFC/culture* 
B10.BR 
Cloned Ts  B10 (B +Acc)  (B +Acc)  B10.A(3R) (B + (Ace) 
8-5 (A  b) Th  9-16 (E  k) Th  8-5 (A  b) Th  9-16 (E  k) Th 
Notadded  3,572 ± 299  3,291  ± 484  2,939 ± 299  3,889 ± 428 
8-4 (A  b)  52 ±  30  3,080 ± 456  88 ± 8  220 ±  103 
9-5(A  k)  3,669 ± 268  0  2,692 ± 26  4,408 ± 60 
* 4 ×  10  6 TNP-primed (B +Acc) cells of indicated origin were cocultured with 10  4 cloned Th cells, 
8-5 or 9-16.  10  4 cloned Ts cells were added to the culture. Cultures were stimulated with 1 ng/ml 
TNP-KLH. 
TABLE  IV 
Ts Cell Interaction with Acc Cells Is MHC-restricted, Whereas Ts Cell Function Is MHC- 
unrestricted 
Cloned Ts 
lgG anti-TNP PFC/culture 
B10 (B + Ace)  B10.BR  (B +Acc) 
8-5 (A  b) + BR  9-16 (E  k) + B10  8-5 (A  b) Th  9-16 (E  k) Th  Acc  Ace 
Not added  1,160 +  105  1,504 + 217  1,249 _  122  1,848 _  219 
8-4 (A  b)  17 _  17  52 + 29  1,249 +  57  70 + 46 
9-5 (A  k)  1,134 _  152  342 _  20  0  0 
4 ×  10  6 TNP-primed B10 or B10.BR  (B +Acc) cells were cocultured with 10  4 cells of the indicated 
Th clone in the presence or absence of 10  6 additional Ace cells.  10  4 cloned Ts cells were added to 
the culture. Cultures were stimulated with 1 ng/ml TNP-KLH. 
restricted Ts clone  8-4.  The  fact that  both  8-5  (I-Ab-restricted) and  9-16  (I-EL 
restricted) Th  clones could efficiently cooperate with B10.A(3R)  B  cells made it 
possible to  analyze  the  MHC-restriction  requirements  for  Ts  cell  function  by 
determining  the  ability of Ts  clones  8-4  and  9-5  to  suppress  the  responses  of 
B10.A(3R)  B  cells mediated  by either  8-5  or 9-16  Th  cells. Ts clone  8-4  (I-A  b- 
restricted) was  found  to suppress  the  responses mediated  by either 8-5  or 9-16 
cloned  Th  cells,  whereas  Ts  clone  9-5  (I-Ak-restricted)  did  not  affect  these 
responses (Table III), suggesting that cloned Ts cells are MHC-restricted in their 
suppression  of B  cell  responses  mediated  by  cloned  Th  cells.  However,  these 
experiments  did not define whether  this restriction occurs at the level of Ts cell 
activation, Ts effector function, or both. 
This  question  was  approached  by  determining  whether  MHC-restricted  Ts 
cell activation with  appropriate  Acc cells was  sufficient to allow suppression  of 
the  Th  cell-mediated  activation  of  B  cells  expressing  either  appropriate  or 
inappropriate  MHC  specificities. In  the absence of added  Acc cells, B10  B  cell 
responses  mediated  by  Th  clone  8-5  (I-Ab-restricted) were  suppressed  by  Ts 
clone  8-4  (I-Ab-restricted)  but  not  Ts  clone  9-5  (I-Ak-restricted) (Table  IV). 
However,  the failure of Ts clone 9-5 to suppress the response of B10 B  cells was 418  Lyt-l÷,2 -  REGULATORY  T  CELLS 
overcome  by  the  addition  of B10.BR  Acc  cells  to  the  culture.  Similarly,  the 
responses of B10.BR  B  cells mediated  by Th  clone  9-16  (I-Ek-restricted)  were 
suppressed by Ts clone 8-4 (I-Ab-restricted) only in  the presence of added  B10 
Acc cells.  These  results  showed  that an  MHC-restricted  interaction  of Ts cells 
with Acc cells is sufficient for Ts cell function, and that, subsequent to activation, 
cloned  Ts  cells  were  capable  of  suppressing  B  cell  responses  in  an  MHC- 
unrestricted fashion. 
Next,  we determined  whether  Ts cells that  had  been  activated in  an  MHC- 
restricted  and  antigen-specific  manner  were  antigen-specific  in  their  effector 
function  (Table V).  8-4 and  9-5 Ts cell function  was tested on the responses of 
(B10  ×  B10.BR)F1  B cells mediated by Th clone 2-19-2 (I-A  b +  FGG), 8-5 (I-A  b 
+  KLH), or 9-16 (I-E  k +  KLH). In the presence ofF1 (B +  Acc) cells, the MHC- 
restricted activation requirements  of both  I-Ab-restricted and  I-Ak-restricted T 
cells are satisfied. Under these conditions, the responses mediated by both KLH- 
specific cloned Th cells were completely suppressed by either  KLH-specific Ts 
clone (Table V). In contrast, the responses mediated by FGG-specific cloned Th 
cells were not suppressed by either Ts clone. In addition,  this failure of suppres- 
sion was not overcome when the antigen-specific activation requirement of cloned 
Ts cells was satisfied by the addition of either free KLH (Table V) or TNP-KLH 
to the culture, despite the fact that these responses were susceptible to suppression 
by FGG-specific Ts cells (20, 21, and data not shown). Thus, although cloned Ts 
cells, following appropriate activation, suppress B cell responses regardless of the 
MHC  restriction  of responding  cloned  Th  cells,  the  antigen-specificity  of Ts 
effector function is conserved. 
Lyt-l+,2 -  T  Cells Modify  MHC-restriction  of Cloned  Ts  Function.  Previously 
reported  findings  (20)  had  demonstrated  that  cloned  Ts  cells  were  MHC  re- 
stricted  in  their  suppression  of responses  mediated  by heterogeneous  Th  cell 
populations.  In contrast,  the results presented above show that the same cloned 
Ts  cells  are  MHC  unrestricted  in  effector  function  against  cloned  Th  cells. 
Therefore,  the  suppressive activities of cloned Ts cells were directly compared 
in the responses of (B10 ×  B 10.A)F1  (B +  Acc) cells mediated by heterogeneous 
or cloned Th cell populations. F1 B cell responses mediated by F1 --* B 10 chimeric 
Th cells were suppressed by Ts clone 8-4 (I-Ab-restricted), but not  by Ts clone 
TABLE  V 
Effector Function of Cloned Ts Cells Is Antigen-specific 
IgG anti-TNP PFC/culture  (B10 X B10.BR)F~ (B + Acc)* 
Cloned Ts cells  8-5 (A  b + KLH)  (E  k + KLH)  2-19-2 (A  b + 
Th*  Th*  FGG) Th  0 
Not added  1,091 -+ 253  1,003 _+ 92  1,232 -  287 
8-4 (A  b + KLH)  0  26 +  15  1,276 -+ 114 
9-5 (A  k + KLH)  44 -+ 31  39 + 32  1,056 -  76 
* 4 ×  10  6 TNP-primed (B10 ×  BI0.BR)FI  (B +  Acc) cells were cocultured  with 104 cells of the 
indicated Th clone in the presence or absence of 104 cloned Ts cells. 
Cultures were stimulated with 1 ng/ml TNP-KLH. 
§ Cultures were stimulated with 1 ng/ml TNP-FGG +  1 ng/ml KLH. ASANO  AND  HODES  419 
9-5  (I-ALrestricted),  whereas  Fl  B  cell  responses  mediated  by  Fl  ~  B10.A 
chimeric Th cells were suppressed by 9-5 but not by 8-4 Ts cells (Table VI, exp. 
1).  In striking contrast,  Fl  B cell responses mediated by cloned Th cells, either 
8-5 or 9-16, were effectively suppressed by either 8-4 or 9-5 Ts cells (Table VI, 
exp.  2).  When titrated numbers of Ts cells were added under these conditions, 
no preferential effect of cloned Ts cells on either of the cloned Th populations 
was observed (data not shown). 
One  potential  difference between  these  two  situations  was  the  presence  of 
additional (noncloned) T  cells in the cultures containing heterogeneous Th cells. 
To determine  whether  the  presence of these  "other" T  cells  could affect the 
MHC-restriction requirements for suppression, cloned Ts cell activity was tested 
on cloned Th cells in the presence or absence of additional unprimed T  cells. Ts 
cell  activity  was  tested  on  the  responses  of (B10  ×  B10.A)FI  (B  +  Acc)  cells 
mediated by cloned Th cells in the presence or absence of added Fl, Fl --0 B10, 
or F1 ~  B10.A T  cells. As before, the B cell responses mediated by 8-5 Th cells 
were  suppressed  by  either  8-4  or  9-5  Ts  cells  (Table  VII),  and  once  again, 
titration of Ts cell numbers demonstrated an equivalent effect of the two cloned 
Ts populations (data not shown).  Responses mediated by the I-Ab-restricted Th 
clone 8-5 were augmented in the presence of unprimed Fl T  cells (Table VII) as 
previously described, and the phenotype of the functioning Ta cells was found 
to be Thy-1 +, Lyt-1 +,2- (data not shown) (20). Addition of the I-Ab-restricted Ts 
clone  8-4  to  these  cultures  suppressed  the  augmented  response  completely, 
whereas  the  I-Ak-restricted  Ts clone 9-5  only partially  inhibited  the  response. 
Conversely,  the  augmented  responses  mediated  by  9-16  Th  cells  were  only 
partially inhibited by 8-4 Ts cells, but were completely suppressed by clone 9-5 
Ts cells (Table VII). The phenotype of the subpopulation of unprimed Fl T  cells 
that  mediated  this  effect  on  Ts-Th  cell  interactions  was  determined  to  be 
Lyt-l+,2 -  (data  not  shown).  Responses  supported  by  Th  clone  8-5  were  also 
augmented  by chimeric T  cells of Fl  ~  B10  origin,  but not by cells of F1  --0 
B10.A  origin,  whereas  responses  by Th  clone 9-16  were augmented  by F1  --o 
B10.A cells, but not by Fl ~  B10 T  cells, indicating that the observed augmen- 
tation  is  mediated  by an  MHC-restricted  interaction  (16).  Moreover,  the aug- 
mented  responses  generated by Th  clone 8-5 and  F~  ~  B10  chimeric  T  cells 
were again completely suppressed by Ts clone 8-4 but only partially inhibited by 
TABLE VI 
Comparison  of Ts Cell Function on Heterogeneous and Monoclonal  Th Cell Populations 
IgG anti-TNP PFC/culture (B10 X B10.A)FI (B +  Acc)* 
Cloned Ts  Exp. 1  Exp. 2 
Fl ~  BI0  Fl ~  B10.A  Fl ~B10  8-5 (A  b)  9-16 (E  k) 
Not added  1,909  + 172  1,883  -  375  1,346 + 388  1,698  + 215  4,400 _  156 
8-4 (A  b)  387 -  43  2,393 + 188  475 -  85  202 + 98  132 + 40 
9-5 (A  k)  1,716- 52  466 -  68  1,240 -  265  422 -  169  105 + 60 
* 4 ×  106 TNP-primed  (B10 ×  B10.A)FI (B +Acc) cells were cocultured with either l0  s KLH- 
primed chimeric T cells or 104 cloned Th cells in the presence or absence of 104 cloned Ts cells. 
Cultures were stimulated with 1 ng/ml TNP-KLH. 420  Lyt-l+,2 -  REGULATORY  T  CELLS 
TABLE  VII 
Unprimed T Cells Function to Modify MHC-unrestricted Suppression 
Cloned Ts  Unprimed T  cells 
IgG anti-TNP PFC/culture using cloned 
Th cells 
8-5 (A  b) Th  9-16 (E  k) Th 
Not added  Not added  1,232 ±  101  2,393 ±  115 
8-4 (A  b)  Not added  52 ±  21  13 ±  10 
9-5 (A  k)  Not added  79 ±  21  0 
Not added  (B10 ×  B10.A)F~  4,752 ±  189  5,420 ±  352 
8-4 (A  b)  (B10 ×  B10.A)F~  92 ±  10  1,988 ±  115 
9-5 (A  k)  (B10 X B10.A)F1  1,980 +  214  0 
Not added  Fl --~ B10  4,523 ±  413  1,953 ±  109 
8-4 (A  b)  F~ ~  B10  105 ±  42  79 ±  64 
9-5 (A  k)  Fl ~  B10  1,478 ±  53  0 
Not added  Fl ~  B10.A  1,777 +  17  5,649 ___ 447 
8-4 (A  b)  F1 --~ B10.A  132 +  40  1,812 _  258 
9-5 (A  k)  Fl --~ B10.A  281  +  76  0 
* 4  x  106 TNP-primed (B10 ×  B10.A)Fa (B +  Acc) cells were cocultured with 104 cloned Th ceils in 
the presence or absence of 104 cloned Ts cells.  106 unprimed T  cells of the indicated strain were 
added to the culture. Cultures were stimulated with 1 ng/ml TNP-KLH. 
Ts clone 9-5;  conversely, the augmented response of Th clone 9-16 and F~ 
B10.A T  cells  was more effectively inhibited by Ts clone 9-5  than by Ts clone 
8-4.  These results show that unprimed Lyt-l+,2  -  T  cells modify the suppressive 
effect of cloned Ts  cells  on  the  responses  mediated by cloned Th cells.  The 
resulting suppression shows a substantial preference for suppression of Th cells 
expressing an MHC restriction similar to that of the Ts cells. It thus appears that 
these Lyt-1  +,2- T cells function to modify only the M HC-unrestricted component 
of suppression observed when cloned Ts cells act upon cloned Th cells expressing 
a different MHC restriction. 
Lyt-I +,2- T Cells Modify MHC-unrestricted Suppression Mediated by Heterogeneous 
Ts Cell Populations.  Further experiments were carried out to determine whether 
the cellular interactions elucidated using cloned Ts cells could also be detected 
in the function of heterogeneous populations of Ts cells.  Heterogeneous MHC- 
restricted Ts cell populations were generated as previously described (14).  KLH- 
primed (B10 ×  BI0.BR)F1 T  cells were precultured with either B10 or B10.BR 
Acc cells in the presence of KLH, and the induced Ts cell activity was tested on 
the responses of (B10 ×  B10.BR)F1  (B +  Acc) cells, and Th cells of either F1 
B10 or F1 ~  B10.BR origin. The responses mediated by Fl --~ B10 Th cells were 
suppressed by  Fl  Ts  cells  induced with B10  Acc cells,  but not by  F1  Ts cells 
induced with B10.BR Acc cells.  The responses mediated by F1 ~  B10.BR Th 
cells showed the reciprocal pattern (Table VIII, exp.  1).  In addition, the heter- 
ogeneous Ts  cells  induced by  this  protocol  showed  the  identical suppression 
pattern on the responses mediated by cloned Th cells 8-5 and 9-16 (Table VIII, 
exp.  2).  Thus,  the activity of the Ts cells induced in heterogeneous Fl  T  cell 
populations was found to be MHC-restricted, as previously shown (14). ASANO  AND  HODES  421 
TABLE  VIII 
Heterogeneous F1 Ts Cell Populations Function to Suppress Responses Mediated by Either 
Heterogeneous or Monoclonal Th Cells in an MHC-restricted Manner 
Exp.  Th cells added 
lgG anti-TNP PFC/culture with added Ts cells* 
None  H-2b-restricted  H-2k-restricted 
1  Fl ~  B10  1,399 4- 45  114 +  31  1,038 +  207 
F~ --, B10.BR  1,487 4- 8  1,232 _4- 38  457 _  31 
2  F~ --~ B10  884 +  32  396 -  80  1,152 4- 116 
8-5 (A  b)  1,091  4- 83  409 -  10  990 _+ 32 
9-16 (E  k)  1,135 _+ 30  1,311  4- 46  255 +  35 
* 4  x  106 TN P-primed (B 10 x  B 10.BR)F1 (B +  Acc) cells were cultured with either 106 KLH-primed 
chimeric heterogeneous or  10 4  cloned  monoclonal Th cells in the presence or absence of KLH- 
primed heterogeneous Fl  Ts cell populations. Cultures were stimulated with  1 ng/ml TNP-KLH. 
Ts cells were  generated by culturing KLH-primed (B10  X  B10.BR)F~  T  cells for  3  d  with  100 
#g/ml KLH and B10 or B10.BR Acc cells. 
Ts cells were then induced in (B10 x  B10.A)F1 T  cells, and were treated with 
either  anti-Lyt-1  or anti-Lyt-2  mAb  +  C.  The  remaining  Ts  cell  activity  was 
tested  on  the  responses  of B6A  F1  (B  +  Acc)  cells and  8-5  Th  clones  in  the 
presence  or absence  of unprimed  T  cells of (B10  ×  B10.A)F1,  F1  ~  B10,  or 
F1 ~  B10.A origin, with or without treatment with anti-Lyt-1 or anti-Lyt-2 mAb 
+  C (Table IX). Ts cells, which were induced by preculturing with B 10 Acc cells 
and antigen,  suppressed the F1 responses mediated by 8-5 Th clone (Table IX, 
group 7), and the treatment of such suppressor cells with anti-Lyt-2 but not anti- 
Lyt-1  +  C  eliminated  the  suppressive  function  of Ts  cells  (groups  8  and  9), 
indicating  that  the  functioning  Ts cells are  Lyt-l-,2 + phenotype, as previously 
reported (14, 19). Addition of unprimed Fl T  cells to the culture did not reverse 
the  suppression  (Table  IX,  group  10),  although  F~  T  cells  augmented  the 
responses mediated by cloned Th cells (group 2). Ts cells that had been induced 
by preculturing with B 10.A Acc cells and antigen did not suppress the response 
generated by Th clone 8-5 (Table IX, group  13).  However, elimination of Lyt- 
1  + cells from this Ts population resulted in the ability of residual  Lyt-l-,2 + Ts 
cells to suppress (in  MHC-unrestricted  fashion) responses of clone 8-5 Th cells 
(group  14).  The  addition  of normal  Lyt-l+,2 -  FI  T  cells  to  these  cultures, 
however,  reversed  the  suppression  mediated  by Lyt-l-,2  + Ts cells (Table  IX, 
groups 15-17). This effect of unprimed T  cells was mediated by MHC-restricted 
T  cells, since F1 ~  B10 but not Fl ~  B10.A chimeric T  cells reversed the MHC 
unrestricted  suppressive  function  of heterogeneous  Lyt-2  Ts  cells  (Table  IX, 
groups  18  and  19).  These  results  indicate  that  MHC-restricted  Lyt-1  T  cells 
modify the MHC-unrestricted suppression mediated by heterogeneous as well as 
cloned Ts cell populations. 
Discussion 
These studies were carried out to assess the mechanism of suppression medi- 
ated by MHC-restricted and antigen-specific cloned and heterogeneous Ts cells. 
Previous studies had characterized both heterogeneous Lyt-l-,2 + Ts populations 422  Lyt-l+,2 -  REGULATORY  T  CELLS 
TABLE  IX 
Lyt-1 +,2- T Cells Function to Modify MHC-unrestricted Suppresson Mediated by 
Heterogeneous Ts Cell Populations 
Group 
F1 Ts cells added  Unprimed T  cells added  IgG PFC/cul- 
ture; B6A FI (B 
Restriction  Treatment  Origin  Treatment  +Acc) +  8-5 
specificity  (A  b) Th 
1  Not added  Not added  1,383 ±  144 
2  Not added  B6A F~  None  2,966 ±  166 
3  Not added  B6AF~  Anti-Lyt-1 +C  1,1164-  185 
4  Not added  B6A F~  Anti-Lyt-2 +  C  2,933 4- 175 
5  Not added  Fl --* B10  None  3,033 4- 158 
6  Not added  Fl ~  B10.A  None  1,116 4- 142 
7  B 10 (H-2  b)  None  Not added  300 +  152 
8  B10 (H-2  b)  Anti-Lyt-2 +  C  Not added  1,388 4- 59 
9  B10 (H-2 b)  Anti-Lyt-1 +  C  Not added  133 4- 133 
10  B10 (H-2 b)  Anti-Lyt-1 +  C  B6A FI  None  350 4- 49 
11  B10 (H-2 b)  Anti-Lyt-1 +  C  FI ~  B10  None  66 4- 66 
12  B10 (H-2  b)  Anti-Lyt-1 +  C  F, ~  B10.A  None  183 4- 101 
13  B10.A (H-2  a)  None  Not added  1,833  4- 104 
14  B10.A (H-2  a)  Anti-Lyt-1 +  C  Not added  91  4- 91 
15  B10.A (H-2  a)  Anti-Lyt-1 +  C  B6A F1  None  1,316 4- 59 
16  B10.A (H-2  a)  Anti-Lyt-1 +  C  B6A FI  Anti-Lyt-1 +  C  200 4- 76 
17  B10.A (H-2  a)  Anti-Lyt-1 +  C  B6A F~  Anti-Lyt-2 +  C  1,233 4- 191 
18  B10.A (H-2  ~)  Anti-Lyt-1 +  C  F1 ---* B10  None  1,425 4- 137 
19  B10.A (H-2  ~)  Anti-Lyt-1 +  C  F] ~  B10.A  None  291  4- 166 
4  x  106  TNP-primed  B6A  FI  (B +  Acc) cells were cocultured  with  104 clone 8-5  Th  cells in  the 
presence or absence of 0.5  x  106  KLH-primed heterogeneous F1  Ts  cells, which were treated as 
indicated. 0.5 ×  106 unprimed T  cells of indicated origin were added after treatment. Cultures were 
stimulated with  1 ng/ml TNP-KLH. 
(14,  19) and cloned Lyt-l+,2  -  (20)  populations that function to suppress the in 
vitro TD antibody responses of primed B cells.  Both heterogeneous and cloned 
Ts cells, although differing in cell surface phenotype, exhibited similar require- 
ments for antigen specificity and MHC restriction, both at the level of Ts cell 
activation and  at  the  level  of Ts  effector function following activation.  The 
observed MHC restrictions in Ts function were rather unique, and appeared to 
consist of a requirement for similarity in MHC restriction specificity between Ts 
cells and the Th cells  functioning to generate a given B cell response (14,  20). 
Although these genetic restrictions were observed in the function of both cloned 
and heterogeneous Ts cells,  previous experiments were carried out under con- 
ditions in which some source of heterogeneous T  cells  was present in culture. 
The  possibility  therefore  existed  that  the  observed  MHC  restriction  in  Ts 
function was influenced by more complex interactions among the T  cell subpop- 
ulations present in heterogeneous populations. To better assess the nature of the 
regulatory T  cell  interactions involved in the control of TD  B cell activation, 
these studies were performed under conditions in which only cloned or highly 
selected populations of Ts  cells  and  Th  cells  were present,  and in  which the 
influence of additional T  cell populations could be directly evaluated. ASANO AND HODES  423 
Our results show that the activation of cloned Ts cells remained both antigen 
specific and MHC restricted.  After appropriate activation, the effector function 
of cloned Ts cells was antigen specific, even when only cloned populations of Th 
and  Ts cells were used (21).  However, these activated Ts cells suppressed  the 
responses  supported  by  cloned  Th  cells  in  an  apparently  MHC-unrestricted 
fashion,  i.e.,  in  the  absence  of any  requirement  for  similarity  between  the 
restriction  specificities of the  cloned Ts  and  Th  cells.  This  property  was not 
unique  to  cloned  Ts  cells,  since  heterogeneous  Lyt-l-,2  + Ts  cells,  which  had 
been depleted of Lyt-l+,2 - cells, suppressed the response of cloned Th cells in a 
similarly  unrestricted  manner.  In  contrast,  when  heterogeneous  unprimed 
Lyt-1 +,2- T  cells were added back to these in vitro cultures, a substantial degree 
of MHC restriction  in the effector function of both cloned and heterogeneous 
Ts cells was reconstituted.  Thus,  cloned Ts cells or  Lyt-l+-depleted heteroge- 
neous Lyt-2  + Ts cells, which are restricted to one parental  MHC haplotype (H- 
2A), suppressed antibody responses by (A x  B)FI  B cells equally well when the 
cloned Th cells were either H-2A-restricted or H-2B-restrictec, and thus exhibited 
MHC-unrestricted effector function. However, in the presence of heterogeneous 
Lyt-l+,2 -  FIT  cells,  H-2A-restricted Ts cells functioned in an  MHC-restricted 
fashion, and preferentially suppressed the responses of H-2A-restricted Th cells. 
Moreover,  this  function  of heterogeneous  Lyt-l+,2 -  T  cells  was  itself  MHC 
restricted, and this modifying effect on suppression occurred only when the Lyt- 
1  +,2- T  cells were similar in  MHC restriction  specificity to the functioning Th 
cells. Specifically, we showed that H-2b-restricted, but not H-2a-restricted heter- 
ogeneous  Lyt-l-,2  +  Ts  preferentially  suppressed  responses  by  I-Ab-restricted 
cloned Th cells in the presence of heterogeneous Lyt-1 +,2- F1 T  cells. Similarly, 
in  the  presence  of Lyt-l+,2 -  T  cells,  I-Ab-restricted  cloned  Ts cells (8-4)  sup- 
pressed  (B10  ×  B10.A)F1  B  cell  responses  preferentially  when  I-Ab-restricted 
(8-5), rather than I-ELrestricted (9-16) Th cells were used. A complicating finding 
in this regard was the observation that I-ALrestricted cloned Ts cells (9-5) under 
these  conditions  preferentially  suppressed  the  response  of I-EL  (9-16)  rather 
than  I-Ab-restricted (8-5) cloned Th  cells. Although  this latter finding remains 
unexplained,  it  is  possible  that  I-A  k and  I-E  k products  are  recognized  with 
significant crossreactivity by either Ts clone 9-5 or Th 9-16. 
The precise cellular mechanism of the observed T  cell interactions described 
here  has  not  yet  been  defined.  The  data  presented  confirm  the  previously 
described activity of MHC-restricted Lyt-l+,2 -  T  cells to augment the responses 
of cloned  Th  cells  in  the  absence  of Ts  (16).  It  is  not  yet  certain,  however, 
whether  the  cells mediating  this  augmenting  effect are  identical  to  those  that 
influence the MHC restriction of suppression. Several possible mechanisms exist 
by which Lyt-l+,2 -  T  cells might modify suppression: (a) It is possible that cells 
in  the  unprimed  Lyt-l+,2 -  population  acquire  intrinsic  Th  activity  during  in 
vitro  culture,  and  that  this  helper  activity  is  resistant  to  MHC  unrestricted 
suppression.  Attempts  to  directly  isolate  functioning  Th  cells  from  Lyt-l+,2 - 
populations involved in these mixed cultures are currently in progress. (b) It is 
also possible that  Lyt-l+,2 -  T  cells  might  function  to  render  cloned  Th  cells 
resistant  to MHC-unrestricted  suppression.  This  mechanism  of action  is analo- 
gous to that described recently (17) for the effect of Tcs cells, which render Th 424  Lyt-l+,2 -  REGULATORY  T  CELLS 
cells resistant  to subsequent Ts-mediated effects. Indeed,  the effects character- 
ized  herein  could  be  interpreted  as  a  form  of contrasuppression  that  acts  to 
selectively block a pathway of MHC-unrestricted Ts activity, while leaving intact 
the susceptibility to MHC-restricted Ts function. Alternatively, (c) Lyt-l+,2 - Tcs 
cells might act on Ts cells to interfere with unrestricted Ts effects, or (d) might 
directly alter  B  cell  susceptibility to  unrestricted  suppression.  Experiments  in- 
volving  preincubation  of  Lyt-l+,2 -  T  cells  with  isolated  Th,  Ts,  or  B  cell 
populations may distinguish among these alternative sites of action. 
The  form  of  MHC-restricted  suppression  observed  in  these  and  previous 
studies (14, 20, 21) is consistent with a competitive mechanism in which positive 
(helper) and  negative (suppressive) regulatory signals compete in  their  interac- 
tions with responding B cells and/or accessory cells. Previous results (14, 20, 21) 
suggested that such competition occurred at the level of MHC-restricted Ts and 
Th cell recognition of the same Ia-antigen  complexes presented on responding 
cells. Our findings indicate that if such a  mechanism  is involved in the T  cell- 
mediated suppression observed here, then this competitive interaction  between 
MHC-restricted regulatory  T  cells is critically  influenced by an  Lyt-l+,2 -  sub- 
population  of MHC-restricted  T  cells that  function,  directly  or  indirectly,  to 
oppose MHC-unrestricted suppression.  A  more precise identification and char- 
acterization of the Lyt-l+,2 -  T  cells mediating the effects described here would 
permit  a  better  understanding  of the  mode of action  of these cells.  They are 
clearly MHC restricted in some phase of their activation or function, but since 
active cells are present in unprimed  T  cell populations, their antigen specificity 
is unclear.  A screening of available Lyt-l+,2  -  antigen-specific or autoreactive T 
cell clones has,  to date,  failed to identify any monoclonal  population  with  this 
Tcs-like activity. The use of phenotypic markers previously shown to be expressed 
on Ta (16) or Tcs (17) populations may prove informative in future studies. 
A modifying effect of Lyt-l+,2  -  T  cells on Ts function was observed here not 
only  upon  the  function  of  cloned  Ts  cells,  but  also  upon  the  function  of 
heterogeneous  Lyt-l-,2 + Ts cells.  It  is therefore  conceivable that  such  effects 
are functioning in other T  cell regulatory systems as well. As has been the case 
for the  recently described Tcs cells,  such effects may easily be overlooked.  In 
the present instance,  it was only in the absence of any source of heterogeneous 
Lyt-l+,2 -  T  cells  that  this  effect  was  appreciated.  A  source  of such  T  cells 
contributed by the responding populations in a  given immune response,  or by 
the  Ts  population  itself,  would  obscure  the  existence  of such  a  regulatory 
population in an experimental system, and previous studies using heterogeneous 
populations  of (Lyt-l+,2 -) Th  cells in  fact failed to detect their  effect (20).  It 
would therefore be useful to reconsider the potential influence of such regulatory 
cells in other systems of regulatory T  cell interaction. 
Summary 
Previous studies  have shown the  existence of both heterogeneous  Lyt-l-,2 + 
suppressor (Ts) cells and cloned Lyt-l+,2 -  Ts cells which, despite the difference 
in  their  Lyt  phenotypes,  functioned  in  a  similar  antigen-specific  and  major 
histocompatibility  complex  (MHC)-restricted  fashion  to  suppress  the  antibody 
responses generated  by cloned helper  T  (Th)  cells and  hapten-primed  B  cells. ASANO AND  HODES  425 
Our studies were carried out to assess in further detail the genetically restricted 
cell interactions that mediate this immune response suppression. We show that 
the activation of both heterogeneous and cloned Ts cells is antigen-specific and 
MHC-restricted  under  our experimental  conditions.  After appropriate  activa- 
tion, the effector function of both cloned Lyt-l+,2  -  Ts cells and heterogeneous 
Lyt-l-,2  + Ts cells was also antigen-specific. In contrast, once activated, Ts cells 
suppressed the responses generated by cloned Th cells and hapten-primed B cells 
in an MHC-unrestricted fashion. We also showed, however, that a population of 
unprimed Lyt-1 +,2- T  cells was able to significantly alter the genetic restriction 
requirements for Ts cell function. The activity of this population was itself MHC- 
restricted, and was observed only when the unprimed Lyt-l+,2  -  T  cells shared 
the  MHC  restriction  specificity of the  cloned Th  cells  functioning in  a  given 
response. When these requirements were satisfied, Lyt-l+,2  -  T  cells significantly 
modified the suppression mediated by both heterogeneous and cloned Ts cells, 
resulting in suppression that was then MHC restricted in its effector function as 
well as in its activation requirements. Thus, our findings suggest that the observed 
MHC restriction in Ts function is the result of a  complex interaction involving 
Ts cells, Th cells, and an additional population of MHC-restricted Lyt-l+,2  -  T 
cells. This newly characterized activity of Lyt-l+,2  - T  cells functionally resembles 
that of an MHC-restricted contrasuppressor population that selectively blocks a 
pathway of MHC-unrestricted Ts activity, while leaving intact susceptibility to 
MHC-restricted Ts effects. 
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